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Description 

[DUMMY METAL FILL SHAPES FOR 
IMPROVED RELIABILITY OF HYBRID 
OXIDE/ LOW- K DIELECTRICS] 

Cross Reference to Related Applications 

[0001] This Application claims priority to U.S. provisional appli- 
cation serial no. 60/320,074, filed on April 1, 2003, which 

is incorporated herein in its entirety. 
Background of Invention 

[0002] Field of the Invention 

[0003] The invention generally relates to a semiconductor device 
and method of manufacture and, more particularly, to a 
semiconductor device and method of manufacture which 
reduces mismatch driven stresses and deflections be- 
tween interconnect layers. 

[0004] Background Description 

[0005] To fabricate microelectronic semiconductor devices such 
as an integrated circuit (IC), many different layers of metal 



and insulation are selective deposited on a silicon wafer. 
The insulation layers may be, for example, silicon dioxide, 
silicon oxynitride, fluorinated silicate glass (FSG) and the 
like. These insulation layers are deposited between the 
metal layers, i.e., intermetal dielectric (IMD) layers, and 
may act as electrical insulation therebetween or serve 
other known functions. These layers are typically de- 
posited by any well known method such as, for example, 
plasma enhanced chemical vapor deposition (PECVD), 
chemical vapor deposition (CVD) or other processes. 
[0006] The metal layers are interconnected by metallization 

through vias etched in the intervening insulation layers. 
To accomplish this, the stacked layers of metal and insu- 
lation undergo photolithographic processing to provide a 
pattern consistent with a predetermined IC design. Byway 
of example, the top layer may be covered with a photo re- 
sist layer of photo-reactive polymeric material for pat- 
terning via a mask. A photolithographic process using ei- 
ther visible or ultraviolet light is then directed through the 
mask onto the photo resist layer to expose it in the mask 
pattern. An antireflective coating (ARC) layer such as poly- 
imide may be provided at the top portion of the wafer 
substrate to minimize reflection of light back to the photo 



resist layer for more uniform processing. The etching may 
be performed by anisotropic or isotropic etching as well 
as wet or dry etching, depending on the physical and 
chemical characteristics of the materials. Regardless of 
the fabrication process, to maximize the integration of the 
device components in very large scale integration (VLSI), it 
is necessary to increase the density of the components. 
[0007] Although silicon dioxide material has been used as an in- 
sulating material due to its thermal stability and mechani- 
cal strength, in recent years it has been found that better 
device performance may be achieved by using a lower di- 
electric constant material. By using a lower dielectric con- 
stant material, a reduction in the capacitance of the struc- 
ture can be achieved which, in turn, increases the device 
speed. 

[0008] The use of organic low-k dielectric materials such as, for 
example, SiLK (manufactured by Dow Chemical Co., Mid- 
land, Ml) for semiconductor interconnect isolation tend to 
have a higher coefficient of thermal expansion (CTE) and 
lower mechanical strength than conventional dielectric 
materials such as, for example, silicon oxide. By building 
a hybrid oxide/low-k dielectric stack, where the via levels 
are fabricated in oxide (e.g., FSC) and the wiring levels are 



fabricated in low-k material (e.g., SiLK), the large intra- 
level line-to-line component of wiring capacitive coupling 
is reduced, thus maximizing the positive benefit of the 
low-k material while improving the overall robustness and 
reliability of the finished structure. The hybrid oxide/ 
low-k dielectric stack structure is much more robust than 
an "all low-k" dielectric stack, which is known to be rela- 
tively more susceptible to via resistance degradation or 
via delamination due to thermal cycle stresses driven by 
the high CTE of organic and semi-organic low-k di- 
electrics. 

[0009] Nonetheless, even with a hybrid oxide/low-k dielectric 

stack structure, large regions of low-k dielectric (i.e., lat- 
eral extents on the order of about ten times the metal film 
thickness) without any interconnects tend to expand and 
contract vertically due to its response to increases and 
decreases in the ambient temperature, respectively. The 
expansion and contraction of the low-k dielectric causes 
the adjacent oxide layers to deflect, thus creating feature- 
dependent stress concentrations at interconnects/vias, 
especially at the edges of the large regions. Any intercon- 
nect/via connections in these edge regions are susceptible 
to resistance shifts and via opens due to repeated deflec- 



tions from thermal cycling during manufacture, reliability 
stressing, and use. For a large enough deflection, a via 
can separate from the interconnect which it was attached 
causing a very large increase in resistance or a persistent 
electric open. 

[0010] Currently, there are no known methods to increase the 
strength and robustness of the structure. For example, 
dummy fill shapes are known in the industry for use in 
silicon oxide dielectric based structures but in these 
structures, the dummy fill shapes are used for processing 
purposes such as to prevent undulations in the upper 
layer of the structure during planarization processes. 
These dummy fill shapes do not prevent delamination or 
add strength to the structure as evidenced by the place- 
ment of these structures within the interconnect layer. For 
example, it is known that dummy fill shapes, as they are 
presently used in the industry, are deliberately placed 
away from any metal lines due to the relative difficulty in 
obtaining the proper manufacturing tolerances. In fact, 
the standard use of the dummy fill shapes was intended 
to be used with dielectric materials which had a higher 
strength than the dummy metal fill shapes, themselves. 
This, of course, could not then provide any additional 



strength to the structure. 
Summary of Invention 

[001 1] | n a fj rs t aspect of the invention, a semiconductor struc- 
ture is formed on a substrate. The structure includes a 
first and second rigid dielectric layer and a first non-rigid 
dielectric wiring level between such layers. The non-rigid 
layer includes at least one interconnect. A structural se- 
curing means is associated with the non-rigid dielectric 
wiring level for preventing a portion of the first or second 
rigid dielectric layers adjacent the interconnect from de- 
layering away from the interconnect and for preventing 
undue stresses or delamination of via/metal interfaces. In 
one aspect, the structural securing means are dummy fill 
shapes in proximity to the interconnect which have a co- 
efficient of thermal expansion substantially the same as 
the first and second rigid dielectric layer. In one aspect, 
the dummy fill shapes improve the mechanical stability of 
the structure relative to the dielectric. 

[0012] | n another aspect of the invention, the semiconductor 
structure includes a first rigid dielectric layer a second 
rigid dielectric layer and a first non-rigid low-k dielectric 
layer formed between the first and second rigid dielectric 
layer. A plurality of dummy fill shapes are formed in the 



first non-rigid layer which replace portions of the first 
non-rigid low-k dielectric layer with lower coefficient of 
thermal expansion (CTE) metal such that an overall CTE of 
the non-rigid low-k dielectric layer and the plurality of 
dummy fill shapes better matches a CTE of the first and 
second rigid dielectric layer. 
[0013] | n s ti|| a further aspect of the invention, a structure in- 
cludes a substrate and at least one front-end-of-line 
(FEOL) device formed on the substrate. A first rigid layer 
comprising a dielectric is formed on the at least one FEOL 
device. A first non-rigid layer comprising a low-k dielec- 
tric siloxane based semi-organic layer is formed on the 
first rigid layer and a second rigid layer comprising a di- 
electric is formed on the first non-rigid layer. A second 
non-rigid layer comprising a low-k dielectric is formed on 
the second rigid layer and a third rigid layer is formed on 
the second non-rigid layer. At least one interconnect is 
formed in the second non-rigid layer extending between 
the second and third rigid layer. At least one dummy fill 
shape is formed in the second non-rigid layer extending 
between the second and third rigid layer. The at least one 
dummy fill shape is composed of an alloy having a coeffi- 
cient of thermal expansion (CTE) that better matches a 



CTE of the second and third rigid layer such that the at 
least one dummy fill shape prevents a portion of the sec- 
ond and the third rigid layers adjacent the interconnect 
from de-layering away from the interconnect. 
[0014] | n s tj|| another aspect of the invention, a process is pro- 
vided for forming a semiconductor structure. The process 
includes forming a first rigid dielectric layer on a sub- 
strate and forming a first non-rigid dielectric wiring level 
on the first rigid dielectric layer having an interconnect. A 
second rigid dielectric layer is formed on the first non- 
rigid dielectric wiring level and a plurality of dummy metal 
fill shapes are formed in the first non-rigid dielectric 
wiring level in proximity to the interconnect. The dummy 
metal fill shapes prevent a portion of the first or second 
rigid dielectric layers adjacent the interconnect from de- 
layering away from the interconnect. 
Brief Description of Drawings 

[0015] Figures la through le represent a fabrication process to 
form a device in accordance with the invention; 

[0016] Figure 2a is a top view of one layer of a device in accor- 
dance with the invention; 

[0017] Figure 2b is a top view of one layer of a device in accor- 
dance with the invention; and 



[0018] Figure 3 is a representation of a device formed using the 

fabrication processes described in Figures la-le. 
Detailed Description 

[0019] This invention is directed to a semiconductor device and 
method of manufacture for preventing de-layering of an 
adjacent oxide layer away from an interconnect. The in- 
vention, in one aspect, uses dummy fill shapes to provide 
a solution to the problem of locally-high stresses and de- 
flections near metallization structures bounding regions 
initially devoid of metal shapes. This is accomplished by 
replacing portions of the high coefficient of thermal ex- 
pansion material (CTE)/low-k material with relatively low 
CTE metal such as copper. In this manner, the effective 
CTE of the region is reduced in proportion to the density 
of the dummy metal fill shapes. It has also been found 
that the use of the dummy fill shapes improve the me- 
chanical stress and stiffness of the structure since they 
tend to adhere between the upper and lower dielectric 
layers. A benefit that is derived from the invention is sig- 
nificantly improved reliability and robustness of the inter- 
connects. 

[0020] By use 0 f the invention, the overall CTE of such a region 
will substantially or exactly match the CTE of any nearby 



region having the same metal density. Thus, if the density 
of the dummy metal fill shapes is matched to the overall 
average local metal density, CTE mismatch stresses and 
deflections tend to be zero. This has the effect of reduc- 
ing the tendency for temperature-driven stress. Also, the 
use of the dummy fill shapes, connecting together silicon 
oxide layers above and below the dummy metal filled low- 
k dielectric layer, effectively inhibits the silicon oxide lay- 
ers from deflecting and also prevents propagation of 
cracks. This has the effect to reduce the deflections asso- 
ciated with any remaining stresses. The dummy fill shapes 
also have the effect of providing additional mechanical 
strength to the structure due to its increase stiffness and 
better adhesion properties compared to the low-k dielec- 
tric layer. The invention thus offers the advantage of al- 
lowing even lower-k material to be used with equivalent 
or better manufacturability, robustness and reliability re- 
sulting in higher chip performance. 
[0021] Referring to Figure la, a semiconductor structure is 

formed on substrate 15 such as, for example, silicon, sili- 
con-on-insulator (SOI), and silicon germanium (SiGe). 
Front-end-of-line (FEOL) devices 20 are formed on the 
substrate 15 and are connected by subsequently formed 



interconnects. Rigid layer 25 comprising a dielectric such 
as, for example, silicon oxide is formed on the FEOL de- 
vices 20 by any known process such as, for example, 
chemical vapor deposition. 
[0022] Figure lb shows the deposition of a non-rigid layer 30 
comprising a low-k dielectric such as a siloxane based 
semi-organic layer or other known materials. In one ap- 
plication, the low-k dielectric is SiLK. It is known that low- 
k dielectrics are fragile, i.e., mechanically weaker than ox- 
ide layers, less stiff than oxide, i.e., have greater deflec- 
tion at a given load, and do not have the ability to with- 
stand higher loads. It is also known that these materials 
have an inverse proportional relationship with regard to 
their electrical properties such that better electrical prop- 
erties, i.e., the lower dielectric constants, result in poor 
mechanical properties such as lower stiffness and lower 
strength. 

[0023] Additional low-k dielectrics may include OSG materials , 
or organosilicate glass; often represented as SiCOH or SiC 
O H . OSG can be bulk or porous, and can be applied to 

x y z 

a wafer by spin-on or by CVD (chemical vapor deposition). 
Additional materials may be porous silicon dioxide 
("aerogel"), HSQ, or hydrogen silsesquioxane, Teflon® or 



florinated hydrocarbon polymer. All of these materials, 
like SiLK (which is a spin-on OSG), are mechanically 
weaker and less stiff than a conventional silicon dioxide 
glass. They all also have CTE significantly larger than the 
CTE of conventional silicon dioxide glass. 

[0024] g utj j n t he invention, the low-k dielectric layer 30 is pat- 
terned to form dummy fill shapes 35 by any known pro- 
cess such as, for example, a damascene process. In one 
aspect of the invention, the dummy fill shapes 35 com- 
prise a material such as, for example, a metal alloy pre- 
dominantly composed of copper, aluminum or tungsten. 
In one aspect of the invention, the dummy material is bet- 
ter matched to the dielectric layer 25 and to the intercon- 
nect region as a whole than the low-k layer 30 is matched 
to the dielectric layer 25 to the interconnect region as a 
whole. This reduces the local stresses and deflections as- 
sociated with the structure. Although multiple dummy 
metal fill shapes are shown in Figure lb, it should be rec- 
ognized by those of ordinary skill in the art that regions 
so small as to receive only one dummy fill shape can also 
obtain the advantages of the invention. 

[0025] Figure lc shows a rigid layer 40 comprising a dielectric 
such as, for example, silicon oxide formed on the low-k 



dielectric layer 30. A non-rigid layer 45 comprising a low- 
k dielectric such as, for example, SiLK is then formed on 
the silicon oxide layer 40. (Figure Id). The low-k dielectric 
layer 45 is patterned to form interconnect 50 and dummy 
fill shapes 55 by any known process such as, for example, 
a damascene process. The interconnect 50 and dummy fill 
shapes 55 comprise a material such as, for example, a 
metal including copper. 
[0026] it should be recognized by those of ordinary skill in the 
art that the copper interconnect 50 has a lower surface in 
contact with a portion of the silicon oxide layer 40, and an 
upper surface in contact with a portion of silicon oxide 
layer 60. To prevent de-layering of the contact areas be- 
tween the interconnect 50 and silicon oxide layers 40, 60, 
the dummy metal fill shapes 35, 55 and 70 are provided 
to physically connect the silicon oxide layers to one an- 
other. The dummy metal fill shapes 35, 70 are formed in 
close proximity to the interconnect 50 in order to provide 
maximum structural support for the copper interconnect 
50. 

[0027] Figure le represents the process steps of Figures la-Id 
being repeated to form silicon oxide layer 60, low-k di- 
electric layer 65 including dummy fill shapes 70 (i.e., cop- 



per, aluminum or tungsten), and silicon oxide layer 75. 
These same processes can be continually repeated to from 
further layers, in accordance with the teachings of the in- 
vention. 

[0028] Figure 2a is a top view of one layer of a device in accor- 
dance with the invention. In one aspect of the invention, 
several layers may be provided for making the device as 
discussed with reference to Figures la-le. These layers 
may be designated M , IVK-.M^ levels. In one aspect, the 
interconnect 50 may have a line width from .1 micron to 
greater than 1 micron, depending on the level or layer of 
the device. For example, the line width of the metal inter- 
connect may be approximately 0.2 microns at an M 2 level, 
.4 microns at an M g level and greater than one micron at 
the M level. As should be readily understood by those of 

n 

ordinary skill in the art, the line width increases at the 
higher levels. In one preferred aspect of the invention, the 
line width may be approximately 0.14 microns at the low- 
est level nearest the device 20. 
[0029] As further shown in Figure 2a, in one aspect of the inven- 
tion, the dummy fill shapes 35 are immediately adjacent 
to the interconnect 50 of interest. The dummy metal fill 
shapes 35 are electrically isolated from each other and the 



interconnect 50. But, there should preferably be a mini- 
mum spacing "S" for each particular level which may be, 
for example, one to four times the minimum spacing for 
ordinary wires on that level. In essence, the spacing and 
shape of the dummy metal fill shapes 35 should not be 
too small that they cannot be properly printed, in accor- 
dance with customary practice. In one aspect, the spacing 
between the metal interconnect of interest and the 
dummy metal fill shapes, as well as the spacing between 
the dummy fill shapes should be equal to the minimum 
line width for that level. This should provide a density of 
the dummy fill shapes 35, for example, of approximately 
between 45% and 50% of that level; however, other densi- 
ties are also contemplated by the invention in order to re- 
duce the local stresses and maximize the mechanical 
strength of such layer. 
[0030] The dummy fill shapes are preferably square and in a 

staggered offset pattern. In the illustration of Figure 2, the 
dummy fill shapes have spaces between them so that the 
overall density of the dummy fill shapes is approximately 
45%. Due to the staggered offset pattern, it is easier to 
obtain the dummy fill shapes placed close to "real" shapes 
in the design. For square-shaped dummy features, this 



arrangement provides optimum close-packing to an arbi- 
trary collection of ortho-normal design shapes. In one as- 
pect, the size (i.e., length and width) of the dummy metal 
fill shapes may be 3x the minimum line width for the 
level. By way of example, if the minimum line width is .2 
microns for the interconnect, then the dummy fill shapes 
would be approximately .6 microns by .6 microns. Of 
course, other dimensions are also contemplated in accor- 
dance with the invention. 

[0031] Figure 2b is an alternative arrangement of the dummy fill 
shapes. In this aspect, the dummy fill shapes are aligned 
with one another in rows and columns, surrounding the 
interconnect. As discussed with reference to Figure 2a, 
the line widths, spacing and the like may have the same or 
substantially the same properties as discussed above. 

[0032] Figure 3 is a final structure of one device in accordance 
with the invention. Although the description herein de- 
scribes the concept of everywhere- required small, ubiqui- 
tous dummy metal fill shapes in the low-k dielectric lev- 
els, different placements of the dummy metal fill shapes 
are also contemplated by the invention. An emphasis, 
however, is on the placement of the dummy fill shapes in 
close proximity to the functional wiring to provide the ad- 



vantages of the invention. 

[0033] As thus described, in a first aspect of the invention, a 

structural securing mechanism includes using dummy fill 
shapes to physically connect at least one of the oxide lay- 
ers that are adjacent to the interconnect to another oxide 
layer of the hybrid oxide/low-k structure. For a hybrid 
oxide/low-k dielectric stack, the interconnect is located in 
the low-k layer between oxide layers and the dummy fill 
shapes in the low-k layers join together the adjacent ox- 
ide layers to provide structural support for the intercon- 
nect. Thus, structural support is enhanced for an inter- 
connect since the dummy fill shapes located on the same 
wiring level as the interconnect are used to connect adja- 
cent oxide layers. 

[0034] By requiring that dummy metal fill shapes be used to fill 

all or substantially available regions of empty space on the 
interconnect levels manufactured in the low-k material, 
CTE- mismatch driven stresses and deflections are signif- 
icantly reduced, especially in the most susceptible re- 
gions, and the robustness and reliability of the resulting 
hybrid oxide/low-k dielectric structure is significantly im- 
proved. The most susceptible regions are very low or 
abruptly varying metal densities such as those areas 



where there is only one metal line or those areas where 
there is a high density of metal lines which abruptly 
change to a low density of metal lines, respectively. More 
specifically, by connecting together the silicon oxide lay- 
ers above and below the dummy metal filled low-k dielec- 
tric layer, the silicon oxide layers are effectively inhibited 
from deflecting, assuming relatively good bonding be- 
tween the silicon oxide levels and the interposed dummy 
metal fill shapes. This will reduce the occurrence of de- 
flections associated with any stresses that remain. Also, 
by replacing the high-CTE low-k material in such regions 
with relatively low-CTE metal (i.e., copper), the effective 
CTE of the region is reduced in proportion to the density 
of the dummy metal fill shapes thus reducing the ten- 
dency for temperature-driven stresses. Thus, if the den- 
sity of dummy metal fill shapes is matched to the overall 
average local metal density, CTE-mismatch stresses and 
deflections tend toward zero. 
[0035] while the invention has been described in terms of em- 
bodiments, those skilled in the art will recognize that the 
invention can be practiced with modifications and in the 
spirit and scope of the appended claims. 



